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PParkinson’s disease (PD) is a progressive 
neurodegenerative disorder that a� ects one 
percent of the population over the age of 60 
years.1 The most signi� cant risk factor is age, 
and the lifetime risk of PD in aging populations 
is expected to increase to 6.3 percent of 
women and 7.4 percent of men.2 The disease 
impacts over one million Americans annually, 
and the annual cost to the United States (US) 
economy is estimated to be $51.9 billion.3

Because there are no physiologic, radiologic, 
or blood tests that can con� rm PD, diagnosis 
depends on clinical characteristics identi� ed 
during one’s medical history and neurologic 
examination.4  Though we do not have any 
existing therapies to modify the underlying 
neurodegenerative process, symptomatic 
treatments can improve patient quality of 
life.5 Six chief classes of medications used 
for treating Parkinsonian motor symptoms 
are levodopa, dopamine agonists (DAs), 
monoamine oxidase type B (MAO B) 
inhibitors, catechol-O-methyltransferase 
(COMT) inhibitors, amantadine, and 
anticholinergic drugs.6 Adverse e� ects or 
complications of medication are the major 
challenges in the treatment of patients with 
PD. Medication-induced psychosis a� ects 

59.5 percent of patients with PD. The risk of 
psychosis is increased in patients with older 
age at onset, higher doses of dopaminergic 
drugs, longer duration of disease, cognitive 
impairment, dementia, depression, and 
rapid eye movement (REM) sleep behavior 
disorder.7–9 Parkinson’s disease psychosis 
(PDP) is characterized by hallucinations, 
illusions, paranoia, and a false sense of 
presence. The severity of psychotic symptoms 
in PDP di� ers from that of primary psychotic 
disorders, such as schizophrenia. Auditory 
hallucinations (with command nature) or the 
presence of mania should alert the clinician 
to di� erentiate it from psychiatric cause. The 
majority of patients with PDP initially retain 
insight and clear sensorium, which are lost 
over time.10 The etiology of PDP is related to 
both the disease process and pharmacological 
management. While temporarily or 
permanently withdrawing or reducing 
the dose of dopaminergic medications 
might improve symptoms in patients with 
medication-induced psychosis, this strategy 
can also cause deterioration of clinical 
motor symptoms.11,12 The utility of the two 
antipsychotic medications that do not worsen 
Parkinsonism is limited because clozapine has 
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A B S T R A C T

Background: Up to 60 percent of patients with 
Parkinson’s disease (PD) develop Parkinson’s 
disease psychosis (PDP). PDP is associated with a 
signi� cant economic burden. The management 
of PDP has been divided into two approaches—
one focuses on decreasing the doses of anti-
Parkinsonian medications and the other involves 
prescribing atypical antipsychotics. Of these 
atypical antipsychotics, pimavanserin is United 
States (US) Food and Drug Administration (FDA)-
approved speci� cally for the treatment of PDP. 
Objective: The goal was to evaluate the safety 
and e�  cacy of pimavanserin in the treatment 
of PDP based on data from randomized clinical 
trials. Methods:  All the articles, which assessed 
pimavanserin’s e� ect on the treatment of PDP, 
were retrieved from Google Scholar, PubMed, and 
abstracts from annual scienti� c sessions. The data 
on dose, therapy duration, patient numbers, and 
study duration were collected. These data were 
analyzed with random e� ect modeling using the 
inverse variance method and the Mantel-Haenszel 
method. Results: Four studies comparing 
pimavanserin to a placebo provided data on 
680 patients (263 placebo, 417 pimavanserin). 
Treatment with pimavanserin was associated with 
a signi� cant reduction in scores using the Scale of 
Assessment of Positive Symptoms, Hallucinations, 
and Delusion (SAPS-H+D) (mean di� erence [MD]: 
–1.55 [–2.71, –0.379], p=0.009). The groups had 
similar composite scores for Uni� ed Parkinson’s 
Disease Rating Scale II and III (UPDRS II and III) 
(MD: 0.093 [–1.28, 1.46],  p=0.89). Interestingly, 
pimavanserin was protective against orthostatic 
hypotension (risk ratio: 0.33 [0.30, 0.37], p<0.001). 
All other adverse events were similarly distributed 
across both groups. Conclusion: There was a 
signi� cant improvement in psychosis symptoms 
in patients with PD who took pimavanserin. 
Pimavanserin was also shown to be protective 
against orthostatic hypotension. 
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a severe risk of agranulocytosis and quetiapine 
has not been found to be more e� ective than 
placebo.13 The a�  nity of antipsychotic drugs 
for dopamine D2 receptors varies signi� cantly. 
Second-generation antipsychotics (SGAs) are 
generally thought to be safer in patients with 
PD due to their lower D2 antagonism, but they 
can also cause extrapyramidal symptoms, 
albeit at a lower rate than � rst-generation 
antipsychotics (FGAs).14 While Morgante et 
al15 observed that quetiapine and clozapine 
appeared to be equally e� ective in the 
treatment of PDP, Merims et al16 observed that 
clozapine was more e� ective at reducing the 
frequency of hallucinations and delusions, 
but it was associated with an increased risk of 
leukopenia. In a comparative study, Shotbolt et 
al17 summarized that four out of � ve placebo-
controlled studies found quetiapine ine� ective 
in PDP, whereas all of the head to head studies 
of quetiapine against clozapine and open-label 
studies found it to be e� ective.17–22

 In April 2016, pimavanserin became 
the � rst US Food and Drug Administration 
(FDA)-approved drug for treating PDP.23

We performed a systematic review and 
meta-analysis of the safety and e�  cacy of 
pimavanserin in the treatment of PDP.

METHODS
We retrieved data on PDP management 

from peer-reviewed, human-based, 
randomized, placebo-controlled clinical trials 
of pimavanserin published prior to June 
2020. We retrieved information by searching 
PubMed, Google Scholar, clinicaltrials.gov, and 
abstracts from annual scienti� c sessions of 
neurology and psychiatry conferences. Search 
terms included “pimavanserin,” “Parkinson’s 
disease psychosis,” “Parkinson psychosis,” and 
“selective 5-hydroxy-tryptamine (5-HT2A) 
inverse agonist.” Only studies published in 
English, with a randomized design, placebo 
control groups, and human participants 
diagnosed with PDP were included. There 

were no � lters set for age, sex, or number of 
participants. Reference lists from each article 
were examined to identify any other review 
articles and primary studies. After the � nal 
selection, we recorded e�  cacy outcome 
measures from the Scale for Assessment 
of Positive Symptoms, Hallucinations, and 
Delusion (SAPS-H+D) and Uni� ed Parkinson’s 
Disease Rating Scale II and III (UPDRS II and 
III) composite scores, with higher scores 
indicating more severe motor symptoms. 
Additional collected data included the study 
year, medication dosage, duration of therapy, 
patient age, adverse events, and the number 
of patients leaving the studies due to adverse 
events.  

Study selection. A total of 206 studies 
were screened as part of this meta-analysis. 
After eliminating review manuscripts, 
duplications, case reports, animal experiments, 
and nonrandomized studies, we kept two 
published randomized clinical trials24,25

and two randomized clinical trials listed on 
clinicaltrials.gov.26,27 In both published studies, 
there were two groups—pimavanserin and 
placebo. Both the clinical trials listed on 
clinicaltrials.gov had three groups to include 
di� erent doses of pimavanserin. In one study,26

the three groups were pimavanserin 10mg, 

20mg, and placebo, while the second studied 
pimavanserin 10mg, 40mg, and placebo.27

Statistical analysis. In the four studies 
included in this analysis, there were a total 
of six comparisons between pimavanserin 
and placebo. Because the two clinicaltrials.
gov studies had two pimavanserin doses, 
we grouped the comparisons as Study A 
(pimavanserin 20mg vs. placebo) and Study 
B (pimavanserin 10mg vs. placebo) for one 
study.26 The comparison groups for the other 
study were Study C (pimavanserin 40mg vs. 
placebo) and Study D (pimavanserin 10mg 
vs. placebo).27 For Study B, e�  cacy data could 
not be retrieved, so it was not included in the 
e�  cacy analysis.

The heterogeneity across studies was 
evaluated with the Cochrane Q Chi-squared 
test. The inconsistency was assessed with the 
I2 test, which describes the percentage of the 
variability in e� ect estimates that is due to 
heterogeneity. Values of 25 percent, 50 percent, 
and 75 percent correspond to low, moderate, 
and high heterogeneity. For the e�  cacy 
analysis of SAPS-H+D score and UPDRS II and 
III composite score, we used each study’s least 
square mean di� erence and the subsequent 
95% con� dence interval (CI). The mean 
di� erence was calculated for summary e� ect. 

TABLE 1. Characteristics of the included studies in the meta-analysis

CHARACTERISTICS CUMMINGS ET AL25 MELTZER ET AL24 CLINICAL TRIAL 
NCT0065856726

CLINICAL TRIAL 
NCT0047767227

Total enrollment, N 199 60 123 298

Design
Randomized 
parallel assignment, 
quadruple masking

Phase II, multi-
center, randomized, 
placebo-controlled, 
double-blind trial

Randomized 
parallel assignment, 
quadruple masking

Randomized 
parallel assignment, 
quadruple masking

Follow-up duration 6 weeks 4 weeks 6 weeks 6 weeks

Intervention
Pimavanserin 40mg 
and placebo 

Pimavanserin 20-40-
60mg

Pimavanserin 10mg, 
pimavanserin 20mg, 
and placebo

Pimavanserin 10mg, 
pimavanserin 40mg, 
and placebo

Primary endpoint
Change in SAPS score 
from Day 1 to Day 43

Change in SAPS score 
from Day 1 to Day 28

Change in SAPS score 
from Day 1 to Day 42

Change in SAPS score 
from Day 1 to Day 42

SAPS: Scale for Assessment of Positive Symptoms

TABLE 2. Baseline characteristics of study patients
CHARACTERISTICS CUMMINGS ET AL25 MELTZER ET AL24 CLINICAL TRIAL NCT0065856726 CLINICAL TRIAL NCT0047767227

Group Pim (n=95) Pla (n=90) Pim (n=29) Pla (n=31) Pim10 (n=41) Pim20 (n=41) Pla (n=30) Pim10 (n=99) Pim40 (n=98) Pla (n=98)
Age 72.4 (6.6) 72.4 (7.9) 72.3 (7.7) 69.6 (9.4) 71 (7.4) 72.1 (8.2) 73 (7.9) 69.0 (8.6) 69.4 (7.8) 69.6 (9.7)
Male 64 (67) 52 (58) 26 (90) 20 (65) 26 (63) 24 (59) 27 (69) 63 (64) 74 (76) 51 (52)
Race (White) 90 (95) 85 (94) 28 (97) 31 (100) N/A N/A N/A N/A N/A N/A
Data are presented as means and standard deviations (age), or numbers and percentages (sex and race). 
Pim: Pimavanserin; Pla: placebo; N/A: not applicable
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To address the concern of moderate 
heterogeneity, we performed meta-regression 
and explored the covariates (mean age, year 
of study, dose, and therapy duration), which 
might have contributed to heterogeneity. The 
random e� ect method of DerSimonian and 
Laird was used for the analysis of SAPS-H+D 
score and UPDRS II and III composite score 
analysis. 

The adverse event meta-analysis was 
performed for confusion, headache, 
hallucination, fall, edema, orthostatic 
hypotension, and discontinuation in the 
study due to side e� ects, using the random 
e� ect method of Mantel-Haenszel. In the 

adverse event analysis for the studies with 
three groups, both pimavanserin groups were 
combined into one group (i.e., data from Study 
B were included in Study A, and Study D data 
were included in Study C) to avoid a unit-of-
analysis error. To assess the summary e� ects, 
forest plots were generated containing mean 
di� erence/relative risk and 95% CI. Publication 
bias was assessed using the Egger’s test and 
displayed as a funnel plot of precision. Mixed-
e� ects meta-regression was used for meta-
regression analysis. The regression coe�  cients 
of associated p-values were reported in the 
meta-regression analysis. An R2 coe�  cient 
was also calculated to indicate the percentage 

of variance explained by the covariates. The 
statistical analysis was performed with the 
Metafor and Meta packages,28,29 implemented 
in the R Foundation for Statistical Computing 
version 3.6.3.30 P-value of less than 0.05 was 
considered as statistically signi� cant.

RESULTS
Study characteristics. Study 

characteristics are shown in Table 1, and 
patient characteristics for each study are 
included in Table 2. Cummings et al25 was 
a six-week study examining the impact of 
pimavanserin 40mg (95 patients) � xed dose/
day compared to placebo (90 patients). The 
study by Meltzer et al24 was a four-week study 
with 29 participants receiving pimavanserin 
and 31 receiving a placebo. Patients were 
started at 20mg on Study Day 1, with possible 
increases to 40 or 60mg daily doses on Study 
Days 8 and 15, respectively, depending on their 
individual clinical responses. In the clinical 
trial, NCT00658567,26 123 participants received 
either a placebo (n=42), 10mg pimavanserin 
(n=41), or 20mg pimavanserin (n=40) every 
day for 6 weeks. In another six-week clinical 
trial, NCT00477672,27 98 patients were treated 
with a placebo, 101 patients with 10mg 
pimavanserin, and 99 patients with 40mg 
pimavanserin per day.

E�  cacy outcomes. In the primary 
outcome analysis, treatment with 
pimavanserin was associated with a signi� cant 
reduction in SAPS-H+D score (mean 
di� erence [MD]: –1.55 [–2.71, –0.379], 
p=0.009) (Figure 1). There was no publication 
bias on visual estimation (Figure 2) or by 
Egger’s test (p=0.82). There was a moderate 
heterogeneity of 44 percent. Meta-regression 
analysis investigated the potential e� ects of 
confounders on heterogeneity among the 
studies. In the meta-regression, we found 
that mean age was a signi� cant predictor 
associated with the summary e� ect (beta: 
–0.74, p=0.01, R2: 100%) (Figure 3). This 
underlines that the mean SAPS-H+D score 
decreases more with an increase in mean age. 
There was no impact of years of the study 
(p=0.65) or four weeks versus six weeks of 
therapy (p=0.79) on the results. There was 
no statistically signi� cant di� erence between 
the groups when considering the secondary 
outcome, the composite score for UPDRS II and 
III (MD: 0.093 [–1.28, 1.46], p=0.89) (Figure 

FIGURE 1. Forest plot showing the mean di� erence (MD) and 95% con� dence interval (CI) of change in Scale for 
Assessment of Positive Symptoms, Hallucinations, and Delusion (SAPS-H+D) score. Square boxes denote MD; horizontal 
lines represent 95% CI (random e� ect model was used to calculate pooled estimate). 
Pim: pimavanserin; Pla: placebo.

FIGURE 2. Symmetric funnel plot showing no publication bias
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4). There was no heterogeneity (I2: 0%) or 
publication bias (p=0.28)

Safety outcomes. Orthostatic hypotension 
was less common in the pimavanserin group 
(risk ratio: 0.33 [0.30, 0.37], p<0.001) than 
it was in the placebo group. In addition, 
there was a notable slight trend toward 
signi� cance for higher occurrence of edema in 
the pimavanserin group (risk ratio: 2.41, [0.77, 
–7.51], p=0.08). The groups had no di� erence 
in drug discontinuation rate (risk ratio: 1.53, 
[0.32, –7.36], p=0.97), confusion (p=0.37), 
headaches (p=0.58), hallucinations (p=0.22), 
and falls (p=0.60).

DISCUSSION
Pimavanserin is a 5-HT2A inverse agonist 

and negative modulator of the 5-HT2A receptor 
approved for the treatment of psychosis in 
PD.31 To the best of our knowledge, this is 
the most updated meta-analysis and meta-
regression of randomized clinical trials to 
evaluate the e�  cacy of pimavanserin on 
positive symptoms, associated with PD, 
such as hallucinations and delusions. This 
comprehensive meta-analysis also addresses 
the safety of pimavanserin when used to treat 
PDP. 

The most signi� cant � nding in our study 
is the substantial reduction in hallucinations 
and delusions with pimavanserin, as shown 
by SAPS-H+D scores, compared to placebo 
in patients with PDP. Our meta-analysis also 
highlights the safety pro� le of pimavanserin, 
as it is associated with a decreased incidence 
of orthostatic hypotension when compared to 
the placebo group. It had a comparable safety 
pro� le to placebo for all other adverse e� ects, 
including confusion, headaches, and falls. 
Thus, we conclude that pimavanserin is safe 
and e� ective when used in the treatment of 
PDP. 

Ours is not the � rst meta-analysis on this 
topic. There was a meta-analysis by Yasue 
et al,32 which also showed the e�  cacy of 
pimavanserin in PDP; however, all the groups 
we studied were not included in that study. 
Also, there was another meta-analysis on 
the e� ect of atypical antipsychotics on 
PDP, in which the authors concluded that 
pimavanserin and clozapine were both 
e� ective. However, clozapine is associated with 
severe side e� ects.33 In that study, the authors 
performed a subanalysis of pimavanserin for 

e�  cacy outcome using data from the same 
studies we included; however, we noticed 
a discrepancy in the MD values, and safety 
analysis was not performed. In a recently 
published study on the safety and e�  cacy of 
atypical antipsychotics for the treatment of 
PDP, pimavanserin showed a favorable pro� le, 
but e�  cacy was inferior to clozapine.34 In 
that study, only two published clinical trials 
were included. None of the meta-analyses32–34

evaluated other factors associated with the 
pooled e�  cacy outcome by meta-regression. 
In our study, we performed meta-regression 
and noticed that reduction in the SAPS-H+D 
score was greater with an increase in age.

Pimavanserin, like other antipsychotic 
medications, can cause QT interval 
prolongation (mean increase in QTc 5–8ms 
with a dose of 34mg/d). As a result, it should 
be avoided in patients who are taking other 

FIGURE 3. Meta-regression bubble plot of correlation between mean di� erence of Scale for Assessment of Positive 
Symptoms, Hallucinations, and Delusion (SAPS-H+D) scores and age. Each bubble represents a study, with the bubbles’ 
sizes portraying the study weight. The regression line shows a signi� cant trend for the reduction in the SAPS-H+D score 
with increasing average age (p=0.01, R2: 100%, beta : –0.74).

FIGURE 4. Forest plot showing the mean di� erence (MD) and 95% con� dence interval (CI) of change in Uni� ed 
Parkinson’s Disease Rating Scale II and III (UPDRS II and III) composite score. Square boxes denote MD; horizontal lines 
represent 95% CI (random e� ect model was used to calculate pooled estimate). 
Pim: pimavanserin; Pla: placebo
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medications that prolong the QT interval, 
such as antipsychotics, and in those patients 
with known QT prolongation or history of 
cardiac arrhythmias.35,36 In Cummings et al,25

mean increase of 73ms in QT correction with 
Bazett formula (QTcB) interval was reported 
with pimavanserin from baseline to Day 43, 
compared to no change with placebo. In 
the pimavanserin group, there was a small 
but noticeable increase in QT interval that 
was not associated with cardiac adverse 
events.25 Pimavanserin, like other classes of 
antipsychotic medications, carries a black box 
warning about an increased risk of death in 
elderly patients with dementia.25

Limitations. Despite the strengths of 
this study in compiling available evidence 
on the e�  cacy and safety of pimavanserin 
for the treatment of PDP, there are also 
several limitations to consider. First, few 
trials were available for inclusion in the 
meta-analysis, and the available trials had 
relatively small sample sizes. In addition, the 
dose of pimavanserin was di� erent between 
the included studies, making comparisons 
more complex. Furthermore, there was high 
heterogeneity. While age was one identi� ed 
source of heterogeneity, there might be other 
sources that were not captured in this analysis. 
Also, all the trials were sponsored by Acadia 
Pharmaceuticals; there were no independent 

trials on the drug, which is a limiting factor. 
Industry sponsorship might potentially result 
in bias that can impact research at various 
stages. Information collected from a variety of 
� elds have revealed biases in research design, 
conduct, and publication that are related 
to industry funding sources.37,38 Industry 
sponsorship might also have an impact on the 
research agenda when the research questions 
are chosen and framed, which is the � rst step 
in conducting research. Bias in the research 
agenda can lead to results that support only 
certain policy responses to pressing public 
health problems, a� ecting the health of the 
population.39 Finally, our results are limited to 
only the SAPS-H+D scale because of limited 
data; however, there are other scales that can 
help assess the e�  cacy of pimavanserin. 

CONCLUSION
Pimavanserin appears bene� cial in the 

treatment of PDP, is well-tolerated compared 
to placebo, and did not show signi� cant 
safety concerns. This study could set the stage 
for further research with larger prospective, 
randomized, controlled trials that would 
explore pimavanserin’s role in not just the 
treatment of PDP, but also other types of 
psychosis in patients without PD. Additional 
studies can also incorporate long-term 
outcomes, the ideal duration of treatment, and 

comparisons with other treatment modalities, 
including clozapine and quetiapine. 
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